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To all whom it may concern: 



Be it known that Edward E. Lipscomb, Kurt Raichle, Troy Liebl, Scott 
R. Sebastian, and Martin P. Franz have invented certain new and useful 
improvements in 

OSCILLOSCOPE MODULE FOR PORTABLE ELECTRONIC DEVICE 



of which the following is a full, clear and exact description: 
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OSCILLOSCOPE MODULE 
FOR PORTABLE ELECTRONIC DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to oscilloscopes. More 
particularly, the present invention relates to an adapter device, such as a plug-in 
module, that allows a portable electronic device to function as an oscilloscope. 

BACKGROUND OF THE INVENTION 

[0002] An oscilloscope is an electronic device used to display and/or 
analyze the waveform of electronic signals. In its simplest form, an oscilloscope 
draws a graph of instantaneous signal voltage as a function of time. Typically, 
the graph displays time from left to right on the horizontal scale, and 
instantaneous voltage appears typically appears on a vertical scale with positive 
values going upward, and optionally with negative values going downward from 
a zero point. 

[0003] Several types and forms of oscilloscopes have been developed 
over the years. An early form of oscilloscope, known as a cathode-ray 
oscilloscope, created a focused electron beam that would move in patterns across 
the face of a cathode ray tube (CRT) to produce a graph. Today's oscilloscopes 
typically use a computer processor to generate the graph and display the graph on 
a liquid crystal or other type of display. 
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[0004] Prior oscilloscopes have traditionally been large in size, often 
requiring a size similar to that of a suitcase, and a weight that is too great for easy 
lifting and movement. Such oscilloscopes are not desirable for use in small 
spaces or in operations where frequent movement of the oscilloscope is required. 
For example, an oscilloscope may be desired for use as a vehicle engine analyzer, 
such that secondary ignition waveforms or other patterns can be displayed in 
graphic form. However, most vehicle service garages have limited space, and 
many garages have multiple bays. Thus, an oscilloscope that is takes up a large 
space and/or is cumbersome to move is not desirable. 

[0005] In addition, prior oscilloscopes have been traditionally stand-alone 
units. In areas with limited space such as service garages, it is desirable to have 
a portable and small device that can serve multiple functions. While the prior art 
has taught that an oscilloscope may be provided with other functionality, such as 
that of a digital multimeter (DMM) as described in U.S. Patent No. 4,034,291, to 
Allen et al., to date general electronic devices have not been provided with add-on 
oscilloscope functionality. 

[0006] Accordingly, it is desirable to provide an improved adapter device 
that enables a portable electronic device to function as an oscilloscope. 



ATTORNEY REE NO. 87354.2681 PATENT 

SUMMARY OF THE INVENTION 

[0007] It is therefore a feature and advantage of the present invention to 
provide an improved adapter device that enables a portable electronic device to 
function as an oscilloscope. 

[0008] The above and other features and advantages are achieved through 
the use of a novel adapter for a portable electronic device as herein disclosed. An 
oscilloscope adapter for a portable electronic device includes a hardware interface 
connector and a computer program memory. The memory stores computer 
program instructions that to direct the electronic device to collecting data 
representative of an signal from an external source and displaying the data as a 
waveform comprising individual data values as a function of time. The user may 
select one or more of the scales of the graph. The adapter also may include one 
or more of a model waveform database, a collected waveform database, an 
application-specific database, and a language database. 

[0009] In accordance with one embodiment of the present inverjtidn, an 
oscilloscope adapter for a portable electronic device, includes a^fiodule adapted 
to interface with a hardware interface port of a portablpxtflectronic device having 
a processor and a display. The module includes a computer program memory, 
and the memory stores computer vpdgram instructions thereon to direct the 
processor to perform the steps'of: (1) collecting data representative of an signal 
from an external soured; and (2) displaying the data on the display as a waveform 
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comprising individual data values as^function of time on a graph having a 
vertical axis and a horizontal^as, each axis having a scale. 

[0010] Optionally, the adapter further includes a database of model 
waveforms, and the instructions further direct the processor to display a model 
waveform from the database on the display. 

[0011] Optionally, the adapter further includes a database of collected 
waveform data, and the instructions further direct the processor to store the data 
representative of the signal in the database of collected waveform data. 

[0012] Optionally, the adapter or the electronic device contains a buffer, 
and the instructions further direct the processor to store the data representative of 
the signal in the buffer. 

[0013] Optionally, the instructions further direct the processor to provide 
an electronic device input that, when activated by a user, allows the user to adjust 
the scale of one or both of the vertical axis and the horizontal axis. In this 
embodiment, the electronic device input may allow the user to adjust one or both 
scales is displayed on the setup screen. 

[0014] Optionally, the adapter further includes a language database 
containing data representative of words in a plurality of languages. 

[0015] In accordance with an alternate embodiment, a method of causing 
an electronic device to function as an oscilloscope, includes the steps of: (1) 
connecting an adapter module to a hardware interface port of a portable electronic 
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device having a processor, a display, and a memory; (2) delivering computer 
program instructions from the module to a processor for the electronic device; (3) 
collecting, using a plurality of leads connected to the electronic device, data 
representative of an signal from an external source; and (4) displaying, in 
response to the computer program instructions, the data on the display as a 
waveform comprising individual data values as a function of time on a graph 
having a vertical axis and a horizontal axis, each axis having a scale. 

[0016] Optionally, in the method embodiment, the adapter further 
includes a database of mode waveforms, and the method further includes 
selecting a model waveform from the database and displaying the selected model 
waveform on the display. 

[0017] Optionally, in the method embodiment, the adapter further 
includes a database of collected waveform data, and the method further includes 
storing the data representative of the signal in the database of collected waveform 
data. 

[0018] Optionally, the adapter of the electronic device contains a buffer, 
and the method further includes storing the data representative of the signal in the 
buffer. In this embodiment, the method may include the additional step of 
adjusting the scale of one or both of the vertical axis and the horizontal axis. 
Optionally, the adjusting step is performed while a setup screen is displayed on 
the display. 
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[0019] Optionally, the adapter further includes a language database 
containing data representative of words- in a plurality of languages, and the 
method comprises the additional steps of translating text and displaying the 

■ 

translated text on the display. 

[0020] In accordance with an alternate embodiment, a plug-in module for 
a portable electronic device includes a means for interfacing with an electronic 
device, and a computer program memory. The memory stores computer program 
instructions thereon to direct a processor to perform the steps of: (1) collecting 
data representative of an signal from an external source; and (2) displaying the 
data on a display of the electronic device as a waveform comprising individual 
data values as a function of time on a graph having a vertical axis and a horizontal 
axis, each axis having a scale. 

[0021] There have thus been outlined the more important features of the 
invention in order that the detailed description thereof that follows may be better 
understood, and in order that the present contribution to the art may be better 
appreciated. There are, of course, additional features of the invention that will be 
described below and which will form at least part of the subject matter of the 
claims appended hereto. 

[0022] In this respect, before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention is not limited in its 
application to the details of construction and to the arrangements of the 
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components set forth in the following description or illustrated in the drawings. 
The invention is capable of other embodiments and of being practiced and carried 
out in various ways. Also, it is to be understood that the phraseology and 
terminology employed herein, as well as the abstract included below, are for the 
purpose of description and should not be regarded as limiting in any way. 

[0023] As such, those skilled in the art will appreciate that the concept 
and objectives, upon which this disclosure is based, may be readily utilized as a 
basis for the design of other structures, methods and systems for carrying out the 
several purposes of the present invention. It is important, therefore, that the 
claims be regarded as including such equivalent constructions insofar as they do 
not depart from the spirit and scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 illustrates an exemplary embodiment of a portable 
electronic device that can be used with the present inventive adapter. 

[0025] FIG. 2 is a block diagram illustrating the exemplary hardware of 
an electronic device with which the present inventive module may interface. 

[0026] FIG. 3 illustrates an exemplary embodiment of a setup screen that 
may appear on the display of an electronic device when used with the present 
inventive oscilloscope adapter module. 

[0027] FIGs. 4a and 4b illustrate exemplary display screens in which the 
adapter module provides for display of the input signal as a waveform. 

8 
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[0028] FIG. 5 illustrates an embodiment where the adapter module 
provides both oscilloscope and DMM functionality. 

[0029] FIG. 6 is a block diagram that illustrates several hardware and 

software features of the an exemplary adapter module. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0030] A preferred embodiment of the present invention comprises an 
improved adapter device that provides processing, storage, and/or program 
instructions for enabling a portable electronic device to function as an 
oscilloscope. Preferably, the device is an add-on adapter, such as a plug-in 
module, that serves as an add-on oscilloscope for a portable, and preferably hand- 
held, electronic device, such as a portable computer, pocket PC, personal digital 
assistant, analog or digital analyzer, electronic game, or other electronic device. 
The module includes a memory or other carrier storing program instructions for 
adding functionality to the electronic apparatus, or the module may include 
hardware to accept a computer memory containing computer program instructions 
and deliver such instructions to the electronic device and/or to add processing 
capability to the device. 
f ^031] FIG. 1 illustrates an exemplary embodiment of a portable 

electronic abvice that can be used with the present inventive adapter. Referring 
to FIG. 1 , a portabde electronic device 5 includes a module port 6 that may accept 
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a module such as a plug-in module 2. At least one such electronic device is 
described on pages 6-8 and the accompanying drawings in co-pending U.S. 
PatentVpplication Serial No. 09/702,450, entitled "Plug-In Module for Portable 
Computing Device," which is hereby incorporated herein by reference. 

[003 ji] Returning to FIG. 1, the portable electronic device preferably 
includes a haidware interface port 4 such as a 120-pin or 120-receptacle 
connector to provide an interface between the plug-in module and the electronic 
device. The adapter module 2 mates with the module port 6 of the electronic 
device via a hardware^ interface connector. The adapter module 2 and/or the 
device 5 preferably includes a means to secure the module 2 to the device 5. For 
example, FIG. 1 illustrates mat one or more latches 7 may be provided to secure 
the module 2 to the electronicNdevice 5 during normal operation. 

[0033] The electronic device illustrated in FIG. 1 is a portable engine 
analyzer, such as that which may beUised to measure and analyze various aspects 
of the operation of a vehicle. However, the electronic device may in fact be any 
type of analyzer or other type of portableSelectronic or computing device such as 
a pocket PC or a personal digital assistant, V remote control, an electronic game, 
or any other portable electronic device. In the ^embodiment of an engine analyzer, 
the analyzer may serve to collect and analyze multiple aspects of an engine or 
vehicle, including aspects of the vehicle operations such as emissions 
components, system pressure, fluid pressure, system temperature, and other 

10 
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aVpects or conditions. However, the analyzer or other electronic device may be 
equipped with additional functionality, such as the ability to measure amps, 
vibration, or other aspects and display the measurements in graphic form, much 
as an oscilloscope. 

[0034] FIG. 2 illustrates the internal components of an exemplary 
electronic device. Such components may interface with the module through the 
hardware interface port. Referring to FIG 2, an exemplary oscilloscope adapter 
module 20 interfaces with a hardware interface port 22. Certain pins or 
receptacles on the hardware interface port 22 provide communication to and from 



10 a controller 24 via interface bus 26 within the portable electronic device. The 
hardware interface port ^2 may also serve to communicate discrete input/output 
signals via interface bus ^6 to the oscilloscope module 20, and the oscilloscope 
module 20 may share inpuVoutput signals 28 and/or 30 with one or more field 
programmable gate array (FffGA) components within the electronic device such 
15 as 32 and/or 34. The device i\iay also include a memory or buffer 36 that stores 
data collected by the device. 



[0035] To provide an oscilloscope adapter mo^rfle for an electronic 



device, the module may include a computer program memory or other carrier, 
such as a floppy disc, a CD-ROM, a virtual memory, or a signal, containing 



2 0 computer program instructions that instruct the electronic apparatus to perform 
such functions. These instructions are preferably loaded into the electronic device 
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when the oscilloscope application is selected. Optionally, the mcjdtfle may also 
provide processing hardware that can be used by the^electronic device when 



performing such functions. Preferably, the^module includes a custom- 
programmed FGPA or other circuitry to / ffrovide some or all processing functions, 
such as timing, sampling, and^or analog-to-digital converter functions. Such 
memory, circuitry, and/preprocessing hardware may be included in the module 
itself, or optionalj^the module may simply contain communications hardware 
that provides an interface between the hardware interface port of the portable 
elecjrdnic device and an external memory or processor. 

[0036] Program instructions contained in the module instruct the display 
of the electronic device to display alternating current (AC) and/or pulsating direct 
current (DC) waveforms of varying frequencies, such as frequencies as low as 
approximately 1 hertz (Hz), or as high as several megahertz (MHz), several 
gigahertz (GHz), or more. 

[0037] FIG. 3 illustrates an exemplary embodiment of^setup screen 40 
that may appear on the display of an electronic device when used with the present 
inventive oscilloscope adapter module. As illustrated in FIG. 3, the electronic 

device will be equipped with at least three'inputs for an oscilloscope adapter 

/ 

module, or at least four inputs in an-alternate embodiment comprising either a 

/ 

DMM adapter module or a combined oscilloscope/DMM adapter module. These 



inputs will collect dat 




the thing to be analyzed, such as an automobile 
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engine, and deliver the data to the electronic device and/or the adapterj»6aule 
through corresponding input channels. These channels are idg»tmed on display 
screen 40 as 42, 44, 46, and 48. For an oscilloscope aftajrter module, the channels 
preferably correspond to typical oscilloscopp^puts such as a primary waveform 
input 44, a secondary waveform inptff 46, and a synchronization input 48. Data 
collected by each input as ^arfalog signals are converted, using analog-to-digital 
conversion circuitry^located in either the electronic device or the adapter, to a 
digital format and displayed as a waveform on the display of the electronic 
devjets. 

[0038] As illustrated in FIG. 3, an optional and preferable setup function 
allows the user to select the scale associated with the waveforms through an input 
such as a sliding scale 50 and 52 or some other input such as a knob, a 
pushbutton, a keypad, or a numeric selector. Preferably, pre-set oscilloscope 
configurations are provided, such as pre-set scales, to make setup simpler. 

[0039] FIGs. 4a and 4b illustrate exemplary display screens in which the 
adapter module provides for display of the input signal as a waveform. For 
example, referring to FIG. 4a, an input voltage signal 60 is displayed over time, 
with the voltage appearing on the x-axis of the display and the time appearing on 
the y-axis of the display. Optionally, the user may be provided the option to 
adjust one or more of the scales of either axis. For example, FIG. 4a illustrates 

13 
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that the user may be provided the ability to adjust the time scale on a sliding scale 
62. 

[0040] FIG. 4b illustrates that multiple waveforms may be displayed on 
a single screen. For example, a primary waveform 70 and a secondary waveform 
72 may be displayed at the same time. The waveforms may be "live" waveforms, 
based on real-time collection of data, or one or both of the waveforms may be 
based on data previously collected and stored in the memory unit of the adapter 
module. For example, the adapter module may be programmed to include a 
database of previously collected signal data and/or data representative of 
predetermined conditions (such as optimal waveforms), and the user may 
compare a real-time waveform with one or more of the stored waveforms to help 
diagnose problems or other circumstances relating to the item that is being 
analyzed. An optional manual mode may allow the user to set up the scope for 
sensors and signals that are not contained in the waveform database. 

[0041] Optionally, other functions provided by the adapter may be 
displayed, either by themselves or along with the waveform. For example, as 
illustrated in FIG. 5, in an embodiment where the adapter module provides both 
oscilloscope and DMM functionality, the screen may display input signals in both 
DMM 80 and oscilloscope 82 format. 

[0042] Depending on the design of the electronic device, the user inputs, 

such as scale selection, may be performed through buttons, knobs, or other inputs 

« 
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located on the electronic device. Alternatively, in the case where the device is 
equipped with a touch-sensitive screen, such as with a personal digital assistant, 
the inputs may be performed by touching an appropriate area of the screen. For 
example, referring to FIG. 4a, a sliding scale 62 may be included with one or 

5 more arrows, and the user may adjust the scale by touching the arrows and/or the 
slider on the screen. 

[0043] Optionally and preferably, the adapter module is programmed to 
provide glitch detection, i.e., to detect abnormalities in the signal and alert the 
user that such abnormalities have been detected. 

0 ^ p0044] Preferably, the displays will employ a user interface engine that 

allows graphs, charts, titles, and/or numeric quantities to be displayed in one or 
more panels, vhe engine will preferably use compiled structures of data, items, 
and their screen locations to display the appropriate components on a given 
screen. Such compiled structures may include information such as the source of 

5 the data, the informationSrequired by the oscilloscope driver to capture the data, 
the method of displaying itWch as line, graph, strip chart, bar chart, or digital 
reading), the function needed to\eonvert a raw analog-to-digital converter reading 
into appropriate units for display Tforeferably including exception handling for 
domain and range errors), and such phrase keys as may be required for units, 

0 labels, and instructions. The panels may ftu-ther employ grids, trigger crosshairs, 
cursors, digital measurements, text labels ana/or other features. Display screens 

15 
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Sbly comprise one or more of the panels. When invoked, the user 
gine will arrange the panels on the display screen in one of several 
ed formats, such as tiling the components in a series of windows. 
[0045] When used in connection with a portable electronic engine 
analyzer, the module and analyzer may be used to diagnose problems with vehicle 
systems such as automotive engines. In a apparatus of this type, the analyzer, or 
optionally the module, includes several leads or test probes that a mechanic or 
other technician may attach to various components of a vehicle. The analyzer 
will use these probes to gather various types of information while the mechanic 
or technician performs certain actions such as maintaining the engine under load 
or starting the engine. The results of such tests, and knowledge about the vehicle 
or engine type, trouble symptoms, allowable limits, and other data, can lead to a 
diagnosis of a problem. Diagnosis usually points to some corrective action such 
as the replacement of parts or the performance of system adjustments by the 
mechanic. 

[0046] Preferably, the mechanic may use the module and analyzer in 
accordance with at least three modes: (1) a data capture mode, which provides 
for collection of measurements or other data by the analyzer; (2) a display mode, 
which allows the user to visualize the data in one of several formats such as a 
graphic waveform; and (3) optional recording and/or sharing modes that allow the 
user to record and/or share events of interest with the vehicle's owner, other 

16 
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mechanics, or others. Such recording may take place in the adapter module's 
storage unit, or the analyzer and/or module may deliver the data to a remote 
location, whether by a direct connection, a wireless connection, or a network such 
as the Internet or an intranet, for storage. The oscilloscope adapter module 
provides the electronic device with the display mode capability, and it may 
optionally also provide or enhance the data capture functions of the electronic 
device. 

[0047] As noted above, and as illustrated in FIG. 6, the adapter module 
contains a carrier such as a computer memory 90 that stores computer program 
instructions. The program instructions direct the electronic device to operate as 
an oscilloscope. Optionally, the program instructions may be used to direct the 
operation of an optional processor 92 contained within the adapter module. 
Optionally, the adapter module memory also stores computer program 
instructions that direct the electronic device to provide other features, such as one 
or more printing device drivers, communications capability, software version 
updating features, calibration, and waveform storage. Preferably, the module 
memory also contains one or more databases such as language databases 94 that 
may be used to translate on-screen language to another language. In addition, for 
specific applications such as a vehicle engine analyzer, application-specific data 
96 such as vehicle information (e.g., ignition and/or engine name, number of 
cylinders, ignition type, cylinder firing order, and/or cam/crank timing flag) may 
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be provided. Databases of previously collected and/or model waveforms 98 are 
also optionally and preferably included. When such a waveform database 98 is 
included, the program instructions preferably include a capture buffer manager 
or other application to capture waveform information in a buffer such as a portion 
of the memory 90 for playback and/or storage. The capacity of the buffer may 
vary with the size of the memory provided with the adapter module. 

[0048] The many features and advantages of the invention are apparent 
from the detailed specification, and thus, it is intended by the appended claims 
to cover all such features and advantages of the invention which fall within the 
true spirits and scope of the invention. Further, since numerous modifications 
and variations will readily occur to those skilled in the art, it is not desired to 
limit the invention to the exact construction and operation illustrated and 
described, and accordingly, all suitable modifications and equivalents may be 
resorted to, all of which may fall within the scope of the invention. 
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